Changes of thermoluminescence characteristics as well as the 0 2-evolving capacity was analysed in chloroplasts isolated from Nicotiana benthamiana infected with pepper and pa prika mild mottle viruses and their chimeric hybrids. The electron transport activity in thyla koids of virus-infected plants was inhibited and could be restored by adding DPC or Ca2+ which indicated that the virus infection altered the oxygen-evolving complex. In thermolumi nescence characteristics of plants infected with either viruses, the first well defined response was a shift in the peak position of the B band from 20 °C to 35 °C corresponding to S3(S2)Q b-and S2Q b~ charge recombinations, respectively, which showed an inhibition in the formation of higher S states in the water splitting system. Simultaneously, a new band ap peared around 70 °C due to chemiluminescence of lipid peroxidation. Further progress of the viral infection dramatically decreased the intensity of bands originated from charge re combinations with a concomitant increase of the band at 70 °C indicating the general oxida tive breakdown of injured thylakoids.
Introduction
Early studies about the effect of virus infection on photosynthesis summarized in a classical work of plant pathology (Goodman et al., 1986) show that plant virus infection alter the photosynthetic process of their host plants. However, little pro gress on this research field has been achieved essentially due to the difficulties for controlling experimentally the consequences of biotic stress, which are highly variable (for a review, see Balachandran et al., 1997 and references therein). In addition, an insight into plant pathology is always Abbreviations: Chi, chlorophyll(s); DPC, 1,5-diphenylcarbazide; d.p.i., day post-inoculation; MV, methylviologen; OEC, oxygen-evolving complex; PaMMV, paprika mild mottle virus; PMMoV-S and -I, Spanish and Italian strains of pepper mild mottle virus; PSII. photosystem II; Q a and Q B, the primary and secondary electron ac ceptor of PSII; TL, thermoluminescence.
limited by the physiological understanding of the healthy host.
From the perspective of photosynthesis re search, the host-virus interaction was examined using the contemporary knowledge of photosyn thetic mechanisms (Naidu et al., 1986; Hodgson and Beachy, 1989; Takahashi and Ehara, 1992 However, the exact mechanism of the action of viral infection on PSII is still unknown. Although the sensitivity of PSII to viral infection at the level of electron transport is well documented, the mechanism of inhibition is still a matter of debate. 
Materials and Methods

Plant and viruses
Nicotiana benthamiana
TL measurements
Before T L measurements, samples were diluted with the buffer used for the storage to the Chi equivalent of 250 [ig/ml. 0.5 ml thylakoid suspen sion (pH 6.5) containing 125 |.ig Chi was measured using an apparatus similar to that described earlier (D em eter et al., 1979) . The light source was a 650 W tungsten lamp provided 10 W /m 2 intensity at the surface of the sample. Samples were illumi nated during cooling from +20 °C to -6 0 °C. T L was measured during heating the sample in dark ness with a constant heating rate of 20 °C/min.
Results and Discussion
We tested the thermoluminescence properties of thylakoid membranes isolated from control N ico tiana benthamiana plants and those infected with different tobamoviruses at 7, 14 and 21 d.p.i. In thylakoids isolated from healthy plants, both the
Thylakoid isolation
A and B thermoluminescence bands appeared (Fig. 1A) . As shown previously, the A band which appears between -3 0 and -1 0 °C is due to S3Q A~ charge recombination, while the B band at around +20 °C is an integration of two overlapping bands, namely Bi (+17 °C) and B 2 (+37 °C) bands co rre sponding to S3Q B~ and S2Q B~ recombination, respectively (for review see Horvath et al., 1986; Dem eter and Govindjee, 1989). In thylakoids isolated from plants infected with either PMMoV-S or PMMoV-I, neither the A nor the B bands showed any specific responses to the viral infection up to 7 d.p.i. (Fig. IB ) . At 14 d.p.i., the intensity of the A band did not change signifi cantly with either virus (Fig. 1C) . In contrast, the B band,which represented S3(S2)Q B~ showed an upward shift in its peak position indicating changes in the redox span between the positive and negative charges located on redox partners generating this band. As it was shown previously, a similar but downward shift in the peak position of the B band indicated a transition from S2Q B~ to S3Q b~ charge recombination (Horvath et al., 1998). Simultaneously with the shift in the peak position of the B band, a new band at 70 °C ap peared (Fig. 1C) which probably corresponded to the T L band at 75 °C described by Hideg and Vass (1993) . This band was attributed to a temperatureinduced interaction between molecular oxygen and the photosynthetic membrane in the course of We assumed that if the loss of the 24 and 16 kDa polypeptides of the O E C induced by the viral infection was responsible for the change observed in T L characteristics, it had to be associated to a decrease of the oxygen-evolving capacity. There fore, in order to confirm this assumption we m ea sured the functionality of the electron transport chain (Fig. 3) . In addition, we carried out assays in the presence of DPC, an artificial electron donor that could bypass the O EC , as well as, we investi gated whether the decreased electron transport ac tivity due to the depletion on the O E C proteins could be restored by Ca addition.
When the activity of the whole electron trans port chain was measured by the Hill reaction H20 -*■ MV in thylakoids isolated from infected plants at 21 d.p.i., the inhibition was between 25 and 70% , depending on the virus strain. In all virus infected samples, the PSII electron transport activity was partially restored either by D PC or Ca2+, confirming that the damage might be, in part, affecting the O EC . Similar results were ob tained by Reinero and Beachy (1989) and Taka- 
